Background: Vitiligo is an acquired disease of skin that presents with depigmented patches due to lack of melanocytes in the epidermis. Accumulation of toxic free radicals like hydrogen peroxide in the epidermis may be responsible for melanocytes death. Since ethyl vanillate (vanillic acid ethyl ester) is a strong hydrogen peroxide scavenger, it may be effective against vitiligo. This study was carried out to evaluate the effect of ethyl vanillate cream on vitiligo patients receiving phototherapy. Methods: A double-blind placebo-controlled clinical trial using ethyl vanillate cream 20% was performed on 30 cases of generalized stable vitiligo (randomly selected) who were receiving phototherapy in the outpatient clinic of Faghihi Hospital (Shiraz, Iran). The patients randomly applied ethyl vanillate on an assigned lesion (left or right side of the body) and placebo on the opposite side lesion (almost the same size and location) twice a day for 3 months, while receiving a narrow band ultraviolet B (NB-UVB) 2-3 times weekly. Photos were taken at the beginning of the trial and at the end of 4 th , 8 th , and 12 th weeks. Then, images were compared with the photos from the beginning of the trial based on VASI score. Results: There was a significant change in pigmentation after applying ethyl vanillate compared with baseline in medication side (P=0.002), but no significant change in placebo side (P=0.066). Additionally, there was a significant difference between medication and placebo sides in pigmentation (P=0.005). Conclusion: Ethyl vanillate may serve as an adjunct therapy for the treatment of vitiligo, although changes in pigmentation are mild clinically.
Introduction
Vitiligo is defined as a chronic and progressive destruction of melanocytes in the epidermis that leads to symmetric depigmented macules or patches. Vitiligo is considered as an acquired and multifactorial disease with a prevalence of 0.5-2%. The most common type is the generalized form, which affects more than 20% of body surface area. It usually can have unpredictable
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course. 1 There is no sex predilection and at least 30% of cases have a positive family history of vitiligo. 2 There are multiple pathogenic hypotheses for vitiligo, including the following hypotheses: 1. Melanocyte destruction due to antibodies against their proteins 2. A defect in melanocyte structure, adhesion or survival 3. Lack of proper defense against oxidative stress Oxidative stress may be the triggering factor for the destruction of melanocytes in the epidermis.
Free radicals like hydrogen peroxide (H2O2), super oxide, or nitric oxide are produced during different processes, including melanogenesis. 3 These reactive oxygen species inhibit tyrosinase. They are scavenged by superoxide dismutase, catalase, and other antioxidant enzymes. If these free radicals are not scavenged by antioxidants like catalase, they cause cell damage by crossing cell membrane. Catalase, the key enzyme in scavenging free radicals, changes H2O2 to H2O and O2. 4 There is a low level of catalase and other antioxidants and high levels of H2O2 in the epidermis of vitiliginous lesions. 1, 4 There are high levels of superoxide dismutase enzyme, which converts pro-oxidant superoxide into H2O2 in vitiligo. Hence, there is accumulation of H2O2 in cytoplasm or mitochondrial parts of the cell, which causes damage to melanocytes. The activity of aforementioned enzyme is higher in active vitiligo compared with stable vitiligo. 5 There are high oxidative stress index and low serum total oxidant status values, based on a study. 6 High levels of H2O2 and reactive oxygen species inhibit tyrosinase activity (melanogenic) through oxidation of methionine residues. 7 Also, melanocytes in vitiligo patients are more susceptible to damage than normal ones. 8 High levels of H2O2 are cytotoxic to melanocytes and lead to their destruction in the skin.
In summary, imbalance between oxidative and antioxidative processes and excess reactive oxygen species in the active vitiligo skin are thought to be pathogenic events in vitiligo.
9,10 H2O2 leads to increase production of tetrahydrobiopterin.
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Vanillin is a flavoring component that is used in beverages, food, and drugs. It has been proved that vanillin has a superoxide anion scavenging ability via testing with 25 mg/ml orally in mice. Vanillic acid is a metabolite of vanillin. 12 Vanillic acid is the most effective H2O2 scavenger. If H2O2 is not scavenged efficiently, it leads to the production of hydroxyl free radicals by fenton-type reactions. 13 Ethyl vanillate is vanillic acid ethyl ester. It is a white powder and soluble in alcohol and slightly water. 14 Since narrow band ultraviolet B (NB-UVB) is one of the best modalities in the treatment of generalized vitiligo, 1 vanillic acid scavenges H2O2 13 and there is a high level of H2O2 in vitiliginous epidermis. 4 Thus, we decided to evaluate the efficacy of topical ethyl vanillate 20% cream (vanillic acid ethyl ester) in enhancing the effect of NB-UVB therapy in the treatment of vitiligo in order to lessen total sessions of phototherapy, lessen side effects of it, also to hasten pigmentation of lesions and most importantly strong role for oxidative stress in vitiligo.
Materials and Methods

Patient Selection
This study was a single center, doubleblind, randomized, placebo-controlled clinical trial. Among the 44 patients who came to the phototherapy center, only 30 patients (23 females (76.6%) and 7 males (23.4%)) who met the study criteria were included. They served as both cases and controls since the drug was applied on one side while the placebo was applied on the other side of their bodies. The inclusion criteria were generalized (more than 20% of body surface area), and inactive disease (no progression, nor development of new lesions within the last 3 months). The patients were selected randomly by arbitrary selection of patients' phototherapy receipt number. The process of patient selection is shown in Figure 1 . The exclusion criteria were pregnant women, children less than 6 years of age, patients with a history of cutaneous malignancy, those who were immunosuppressed, taking or applying any medications for vitiligo within the last 3 months, or those with photosensitive disorders.
Study Protocol
Informed consent was obtained from each patient. The study was approved by the Ethical Committee of Shiraz Medical University and the proposal was accepted by three faculties of dermatology department. A questionnaire was filled out for each patient regarding associated autoimmune diseases like thyroid problems or diabetes, family history of vitiligo, number of phototherapy sessions prior to study, consumption of any medication, site and pattern of lesions, stability or progression of lesions, and some demographic information.
The patients were selected randomly based on their phototherapy receipt number. A third person assigned number 1 and 2 to both creams. Medication was ethyl vanillate 20% cream and placebo was Eucerin (same color as the medication). The selected patients were randomly (by tossing coins) assigned to apply cream 1 on the right side and cream 2 on the left side of the lesion. The next patient applied cream 1 on the left side and cream 2 on the right side twice daily. Two symmetric lesions (nearly the same size and location) were chosen in each patient. Meanwhile, each patient received NB-UVB, 2-3 times a week and patients were assessed in terms of any discomfort or side effect of phototherapy by a physician and the dose was adjusted when necessary. The patients were asked to report any side effect or problem with the medication or phototherapy at will. Our study for each patient lasted 12 weeks. Each patient was visited at the end of the 4 th , 8 th , and 12 th week and evaluated in terms of response to the therapy or any significant side effects. Both the patient and physician were blinded to the treatment and placebo.
Assessments
We determined the degree of pigmentation of specified lesions on both sides prior to the study by the Vitiligo Area Severity Index (VASI) score. Photos of the lesions were taken from both sides at the end of the 4 th , 8 th , and 12 th week in addition to pre-study photos. Then, we compared the photos at the end of the study with baseline, according to VASI score. VASI score 100%: Depigmentation, 90%: Specks of pigment, 75%: Depigmented areas more than the pigmented areas, 50%: Equal pigmented and depigmented areas, 25%: Pigmented areas more than depigmented area and 10%: Specks of depigmentation. The patients were asked about any adverse effects of medications in each visit. There is no special unit for numbers in VASI score.
Statistical Methods
Paired t-test and Wilcoxon signed ranks test were used for statistical analysis (with SPSS 15.0 software). All results were significant if P values were 0.05 or less.
Results
Patient Population
Thirty cases of generalized vitiligo, aged from 22 to 60 years were enrolled in this study.
They were randomly instructed to apply topical ethyl vanillate 20% cream and placebo (Eucerin) twice daily on the right or left sided specified symmetrical lesions along with 2-3 times a week NB-UVB phototherapy. We chose the sample size of 30 similar to other studies as mentioned in the discussion section of this article and in consultation with a statistician (alpha=0.05, power=80 %). All patients completed the 12-week study. Test sites are mentioned in Table 1 .
Treatment Efficacy
Of the 30 patients, there were 76.6% (23) female and 23.4% (7) male. 16.6% of cases had positive family history of vitiligo, 3.3% were hypothyroid, and 6.6% had diabetes. Pigmentation of lesions based on VASI (before and at the end of the trial), mean scores of pigmentation on both sides based on VASI, and the difference between both sides are shown Tables 2-4, respectively. The final results at the end of the 12 th week are shown to demonstrate the maximum effect. Lower pigmentation numbers indicate more repigmentation and higher numbers show more depigmentation.
In summary, 36.6% of lesions which were treated with ethyl vanillate showed a change in pigmentation (mostly mild clinically) compared with 13.3% in placebo side. There were no changes in other cases on both sides compared with baseline. Figures 2 and 3 shows both sides of a patient (medication and placebo) before (a) and after (b) the trial.
Safety and Tolerability
Both ethyl vanillate and placebo were tolerated with a few transient burning and stinging as reported by some patients. No serious problem was observed with NB-UVB phototherapy.
Discussion
We sought to evaluate whether topical ethyl vanillate would enhance NB-UVB efficacy in the treatment of vitiligo. Similar to other studies, we chose to evaluate patients for 12 weeks. This was in-line with studies on tacrolimus ointment or vitamin D ointment with NB-UVB for 3 months in vitiligo patients. 15 Notably, the selection of such duration was based on a textbook; where at least 2-3 months were required to evaluate the effectiveness of vitiligo treatment. 1 Based on a review of non-surgical treatments for vitiligo, oral antioxidants were useful in the management of vitiligo, but there were no longterm follow up in most studies and the sample size was limited. 16 Some researches were done on the role of antioxidants in the treatment of vitiligo. For instance, Elgoweini et al. 17 evaluated vitamin E along with NB-UVB against vitiligo on 24 patients. This study showed that vitamin E, as an antioxidant, could increase the efficacy of NB-UVB and induces good repigmentation There was a significant change after applying ethyl vanillate compared with baseline (P=0.002) on medication side, but no significant change in placebo side (before and after placebo) (P=0.066) (72.7% in the treatment group vs. 55.6% in the placebo group).
In another double-blind placebo controlled clinical trial on 35 patients by Dell Anna et al., 18 antioxidants such as alpha-lipoic acid, vitamins C and E were given to a treatment group before and during NB-UVB therapy. Results showed greater repigmentation of 47% in the treatment group versus 18% in the placebo group.
Contrary to the above researches, in a study by Jayanth et al. 9 on 30 stable vitiligo patients (not on any treatment for 1 month), the treatment group received oral antioxidants with photochemotherapy while the placebo group received only photochemotherapy for 3 months. There were no significant differences betweenthe groups.
Other studies compared betamethasone ointment with topical catalase/superoxide dismutase (which are deficient in vitiligo) on 25 vitiligo patients. Photos were taken and compared for both sides. No statistical difference (P=0.758) on the percentage of pigmentation was observed between the two sides (similar lesions) at 4 months. In this study, the authors suggested a stronger role for oxidative stress. 19 Topical catalase/superoxide dismutase combined with NB-UVB were evaluated on 15 vitiligo patients versus 15 patients only on NB-UVB as the control group. The patients applied the cream for 6 months. No significant changes between the groups (P>0.05) were observed. The authors recommended larger studies to be carried out. 20 Another study compared pseudocatalase cream with NB-UVB versus placebo and NB-UVB on 32 vitiligo patients for 24 weeks. No statistically significant difference between the groups was reported, but significant improvement was seen in each group by week 12 and was stable until the end of the study. It was concluded that pseudocatalase cream does not enhance the efficacy of phototherapy. 21 In conclusion, some studies are in favor of antioxidants, but others are inconclusive.
Recently, a topical gel including phenylalanine, cucumis melo extract and acetyl cysteine was tested on vitiligo patients who were on phototherapy. Topical gel was applied for 12 weeks. This study showed that the gel was effective and improved repigmentation. 22 The limitations of our study were possibly a low concentration of ethyl vanillate, the selection of some resistant to therapy sites (e.g. the hands) and poor compliance of some patients.
Conclusion
This study showed that ethyl vanillate could be used as an adjunct modality to NB-UVB or possibly other modalities in the treatment of vitiligo. Therefore, it can reduce the need for phototherapy by improving repigmentation. However, most patients may not notice small changes in pigmentation of lesions.
Since this study, using ethyl vanillate, was done for the first time (based on the important role of H2O2 in damaging melanocytes and efficient scavenging ability of vanillic acid), lower concentrations of ethyl vanillate was used. However, it is recommended that higher concentrations in larger studies be used in the future in order to achieve better repigmentation. Since patients cannot receive long-term phototherapy or other therapies like steroids due to adverse side effects, and stronger role for oxidative stress in the pathogenesis of vitiligo according to many studies, adjunct therapies like newer antioxidant modalities, might help accelerating repigmentation and be used as maintenance therapy.
